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REDUCTION OF THE CONCENTRATION OF 
UNDESIRED COMPOUNDS 

Uris invention relates to a process for reducing the concentration of one or 
5 more tmdesited compoxmds in a coniposition containing those compounds 
and One or more desired compounds. 

More particularly, tb© present invention relates to a process for reducing the 
concentration of undesinsd compounds such as (but not Idnuted to) sulflir 

10 and/or nitrogen containing compounds in inorganic materials such as (but 
not limited to) alkali metal and alkaline earth metal halides, especially 
fluorides such as calcimn fluoride or potassium fluoride- 
Calcium fluoride, CaF2a is a by-product of many industrial processed. For 

15 example, it is a by-product of EDP-catalysed alkylation reactions perfiirmed 
in the oil-refining industry. The spent HF catalyst from Ihese reactions is 
typically neutralised using potassium hydroxide, KOHL This generates 
potassium fluoride, KF, and water, containing excess KIOH, The KOH can 
then be subjected to any suitable further processing. For example, it is 

20 typically recovered from the KF for recycling by a neutralisation process in 
which a suitable agent such as calcium hydroxide Ca(OH)2 is added to the 
KF in KOH solution. This reaction produces calcium fluoride, CaF2 as a 
by-product 

25 CaFi obtained in this maimer is contaminated and is in the form of a 
maloderous, oily residue "ftiat renders it useless as a feedstock for any of its 
common uses such as preparation of hydrofluoric acid and in metal- 



1 
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woiking, Tbe residue contains many compounds that contnbute to the 
malodoiir. Hiese compounds aie Ifaought to be mainly sulfur and/or 
nitrogen containing compounds. The smell of the residue makes the CaFi 
unpleasant to work with (other than within a totally closed S3?stem or a very 
5 well ventilated fume-cupboard, which is not always practical) and the 
waxy/oily consistency of the residue makes tlie CaFi difficult to work with- 
There is also a quantity of KOH bound in the CaFz and this also nMkes this 
CaFa unusable as a feed material. At present, CaF^ generated in this way is 
sent as chemical waste to laxidfill sites. 

10 

It is an object of the present invention to provide a procc$i$ that can be used 
remove undestred compounds jBrom inoigianic materials. It is a particular 
object of the inveaition to provide a process that can be used to render CaFa 
generated in the manner described above ujseful. However,, it wiH be 
15 appreciated that the process descaibed may be used to remove undesired 
compounds from CaF2 obtained in other ways and firom other inorganic 
materials. 

W09S/24518 desciibcs a process for reznoving organic solvents from a 
20 mass of material. This process comprises contacting the mass of material 
with a C1-C4 fluorinated hydrocarbon solvent so as to dharge the fluorinated 
solvent with the organic solvent and separating the charged solvent from the 
remainder of the mass of material- 

25 The listing or discussion of a prior-published document in this specification 
should not necessarily be taken as an acknowledgement that the document 
is part of the state of the art or is connnon general knowledge 
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The present invention provides a new jjrooeBs for reducing the concentFation 
of one or more imdesired compounds in a composition ooTLtainisg those 
compounds and one or more desired compounds. 

5 

According to the present invention, there is provided a process for treating a 
composition oompiising one or more undesired compounds and one or more 
desired compounds so as to reduce the concentration of at least one of the 
undesired compounds, which process comprises the steps o£ 
10 (1) contacting the composition with an eKiractlon solvent comprising 

a Oiydro)£luorocarbon, and 
(2) separating the solvent from the one or more desired compoimds; 
wherein one or more of the desired compoimds is an inorganic material, 
provided that water is not the only desired material. 

IS 

In tibe process of the invention, the undesired compound(s) are extracted 
into the extracdon solvent in step (1) and are thus removed &om the desired 
compound(s) when the solvent is separated &om the desired compound(s) in 
step (2). 

20 

I*refexable the desired inorganic material is a halogen containing inorganic 
material, such as a metal halide, for example an alkali metal or alkaline 
earth metal halide. More preferably the desired inorganic material is a 
fluorine containing inorganic material, such as a metal fluoride, for example 
25 an alkali metal fluoride such as potassium fluoride or an alkaline earth metal 
fluoride such as calcium fluoride. 

3 



The proc:oss of the present invention can be used to remove any imdesired 
coinponnds tfnat can be extracted from the desired compounds by fbe 
extraction solvent imder the conditions used. 

5 By tihie term 'Hmdesired compounds" we mean any compound that has an 
undesirable effect on ihe properties of desired compound(s). For example, 
the imdesired compounds may eflfect the smell, chemical properties, 
physical properties or the morphology of the desired ooitqjoimd(s). 

10 The present invention is particularly suitable for ihp removal of odoriferous 
compounds, such as those that cause a momentsny or even a lingeiins 
malodor. 

As used herein, the words "remove", '"temoves'' and ''removed" used with 
15 reference to the undesired compounds are intended to indicate a reduction in 
the amount of the imdesired compoimd and not its complete removal unless 
explicitly stated. 

Odoriferous compounds th^t may be removed using the process of the 
20 present invention include^ but are not limited to, sulfixr and/or nitrogen 
containing conipounds. 

•The process can xeduce the concentration of inorganic and/or organic sulfur 
and/or nitrogen containing compounds. It is particularly advantageous to 
25 use the process to reduce the concentration of orgaiuc sulfur and/or nitrogen 
containing impurities because these can typically be more difficult to 
Z€»move using standard techniques known to those skilled in the art. 
4 
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By the term "organic sulfur containing compounds", we mean compounds 
containing at least carbon and sulfur, optionally including other atoms snch 
as hydrogen, nitrogen and oxygen. Organic sulfur containing compounds 

5 that may be removed using the process of the present invention include, but 
ax© not limited to, those containing up to 10 carbon atoms, preferably 1 to 6 
carbon atoms, they may be straight chain, branct^ or cyclic co£i:q)ound5 
and may optionally contain other hetro atoms such as oxygen or nitcogea, 
the number of sulfiir atoms in the molecule ia not limited and may for 

10 example be 1^ 2 or 3« 

By the term "^iuorganic sulfur containing compounds", we mean compounds 
containing at least sulfur, optionally including otber atoms such as hydrogen 
and oxygen. 

15 , 

Examples of sulfur containing cojnpounds that may be removed using the 
inventive process include, but are not limited to, carbon disulfide carbonyl 
sulfide, dimefliyldisulfide, ethaneihiol, diethyldisulfide, l,3-dihydi:o-2H- 
imidazole-2-thionje, 2-(methylfbio)-propane, 2"(me1hylthio)-butane, 1- 
20 (methylthio)-butane, metliylcthyldisulfide, 2-(e1hylfhio)Jbutane, sec-butyl 
isopropylsulfide, l-Cefhylthio)-butane, l-[(mefhylethyl)thio]butane and 
bis [2-(e1hylthio) ethyl]©ther. 

By the torn "organic nUxogen containing compounds", we mean 
25 compounds containing at least carbon and nitrogen, optionally including 
other atoms such as hydrogen^ sulfiir and oxygen. Organic nitrogen 
containing coinpounds that may be removed using the process of the present 
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invention includfl laut are tiot limited to those containiiig up to 10 carbon 
atoms, preferably 1 to 6 carbon atoms, Ihey may be straight chain, brancdied 
or cyclic: compoimds aad may optionally contain ofheir hetro atoms such as 
oxygen or aulfiar, the number of nitrogen atoms in the molecule is not 
5 limited and may for example be 1, 2 oar 3. 

By the term '*inorgamc nitrogen containing compounds''^ we mean 
compounds containing at least nitrogen, optionally including other atoms 
such as hydrogen and oxygen. 

10 

ETcanqples of nitrogen containing compounds that may be removed using tbe 
inventive process include, but are not limited to^ ammonia, nitroxnefliane, 
meftiylamine, dimefhylanrine^ trimethylamine, LDA (litlnum 
diisopropylamide), hydroxylaminc, uieas, ethylamine, diethylamine^ 
15 triethylamine, l,3-dihydrQ-2H-inudazolc-2-thione, N,N-diroethyI- 
ethanethioatnide and 2,2-dimethoxy-N-methyJ-ethanamine. 

The process can typically be used to reanove the undesiied compounds so 
that they are present at a level that does not effect the properties of the 
^ desired compOTiiito. Fo^ the process may ^i<^lly iraaow^ 

50% by weight, more preferably at least 90% by weight and even more 
preferably at least 98% by weight of the undesiied compounds. 

Before treatment, each undesired compound is typically present in the 
25 compositions at levels of froxn the limit of detection to about 5% by weight. 
For example, compounds such as l,3-dihydrO'-2H~unidazole-2-fhiQne, 
N,N-dimetihyl eflianeihioamide, 2-(me1hylthio)-propane, dimefhyldisulfide, 
6 
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2-(inetiiylthio)-butaiie. l-(methyltKo)-butaiie, mefliylBfliyldisulfides 2- 
(ethylthio)-butfflQe^ secs-butyl isopropylsulfide, l-(eth.ylthio>biitane, 1- 
[(niethylatbyl)thio] butane, 2,2-dimeflioxy-N-methyl ethanamine and bis[2- 
(ethylthio)ethyl] ether may eadi be piescat in an amount of up to 0.1% by 
5 weight- 

Whsn the process is used to remove sulfur containing compounds, it 
pixofKably rednces the oonoentration of those compounds to levels below 
Ihe limit of detection by standard equipment, i.e. so that they are virtually 

10 entirely removed. By the term "'Umit of detection", wc mean the point at 
wMch tfie sulfiir containing compounds catmot be detected by smell wd/or 
by gas chromatography witii pulled flame photometric detection set to 
"sulfur" mode. For example^ the limit of detection by gas chromatogr^hy 
may be at levels of approximately 5 ppb and below. Thus, the process is 

15 preferably effective at removing malodor caused by sulfur containing 
compounds^ 

Similarly, when the process is used to remove nitrogen containing 
compounds, it pereferably reduces the concentration of those compounds to 
20 levels below the limit of detection by smell or by standard equipment, i.e. so 
that Ihey are virtually entirely removed. Thus, the process is preferably 
effective at removing malodor caused by nitrogen containing oompoimds. 

The process does not necessarily reduce the conceatrtration of every one of 
25 the one or more undesired contpound, but it may do so. 

.7 



The composition to be treated by fiie process of the present invention can be 
in any suitable forai. For exiample^ it may be in the fonn of a solid, a sluiry, 
a liquid or a solution. 

S If liie composition to be treated is a solid or $enii-solid it may be dissolved 
or dispersed in a solvent before it is brought into contact with the extrajdioii 
solvent If the composition has a "waxy" consistancy, is a semi-solid or 
otherwise cannot be formed into a powdery solid it is advantageous for it to 
be dissolved or foimed into a sluiry prior to treatra.ent as this jjiovides an 
)0 increased surface area for contact with the .extraction solvent Suitable 
solvents include water. 

The extraction solvent that is used in the process of the present invention 
contains at least on© (Iiydio)£[uarocarbon. By the tetm 
15 "(liydro)fluoiocarbon" we mean a. compound selected firom the group 
consisting of the hydrofluorocarbons and the perfluorocarbons. By the term 
"hydrofluorocarbon" we mean a compound which contains only carbon, 
hydrogen and fluorine atoms. 

liie extraction solvent sHould, ot course^ be in licpid Wh^ fhe" 

solvent comprises one or more low boiling compomids which are gases at 
room temperature, the required liquid form may be attained by cooling the 
solvent to a suitably low temperature or by subjecting it to super- 
atmospheric pressures at some point before it is contacted with die 
25 coixtposition. 

8 
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Suitable perfhiorocarbans include hexajQuoroefiiaiie 0^-116) and 
octafluoropropane (R-21S), 

Suitable hydrofhioxocarboDS iaclude the hydrofluoromethanes, the 
5 hydrofluoroethanes and the hydrofluoropropanes, such as trifluorome43hane 
(R-23), fluoromelhane (R.-41), difluotomethaae (R.-32), pentafluoroefliane 
(R-125), 1,1,1-trifluoroethaTie 0R-143a), l,l^^-tetraflaaroefhaii6 (R-134). 
1,1,1^-tstrafluoroethane (R-134a), 1,1-difluoroethaTie CR.-)S2a). 1,1,1,3.3- 
peiitafluf:HnDpropa2i& (It-243faX l,l^,2,3-pentafluoroprcq>ane (R-24Sca), 
10 1,1,1,2,3-pentaflhioropropaiLe (R-245eb), 1,1,2^^-pOT.tafluoiopropanc (R- 
24Sea), 1,1,1,2,3,3-hexafluorDpropaiie (R-236eaX 1,1,1,2,2,3- 
hexafluoTopropane (R-236cbX 1,1,1, 3,3 ,3-hexafluoropropaiie (R-236fa), 
1,1,1,2,3,3,3-heptafluoropropaue (R-227©a) and l3l3l,2,2,3,3^ 
hsptafluoropropaiiB (R-227ca). Piarticularly preferred hydrofluoTOcarbons 
15 include R-134a, R"245fa, R"236ea and R-227©a, especially R-134a. 

Solveats containing mixtures of two or more ^dro)fluorocsrbons may be 
used if desired. 

20 The extractioii solvent that is used in the process of the present invention 
may also comprise a co-solvent in addition to the (liydro)fluorocarbon. 

Suitable co-solvents include, inter alia, fluorine fiee and more particularly 
lialogen free compounds. Suitable halogen free co-solvcnts will typically 
25 have aboiling point of 80'C or below, for example in the range of from -85 
to 80*C, The preferred co-solvents have a boiling point of 60**C or below, 
for example in the range of from -85 to preferably 20^C or below, for 
9 
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example in tfie range of from -70 to 20*^0, and more pteferably lO^C or 
below, for example in the range of fixmi -60 to lO^^C, Mixtures of two or 
more co-solvents may be used if dt^ired. 

5 Suitable co-solvents may be selected firom the C2-6, particularly the C^^ 
hydrocarbon compomids by which we mean coinpotmds containing only 
cad^on and hydrogen atoms. Suitable hydrocarbons may be aliphatic or 
alicyclic* Prcfetted hydrocarbons are the alkanes and cycloalkanes, with 
aUcanes such as ethane, n-propane^ i-propane, n-butahe and i-butane being 

10 especially preferred. 

Oflier suitable co-solvents include the hydrocarbon ethers, by which we 
mean compounds having the formula R^-O-R^ in which and are 
independently hydrocarbyl groups contmning only carbon and hydrogen 
15 atoms, such as Ci-<s and preferably Cu allcyl groups. Preferred dialkyl 
ethi^ include dimethyl ether, me£hyl ethyl ether and diethyl ether^ 

Still fbxther suitable cx>-solvent5 may be selected £rom the amides, 
sulphomdeaa alcohols, ketones, carboxylic acids^ carboxylic acid 
20 derivatiives^ inorganic acids and nitro compoimds. 

Preferred amide co-6olvents include the N,N'-dialkylamides and 
alkylamides, especially dimethylfdrmamide and formamide. 

25 Prefeired sulphoxidc co-solvents include the dialkylsulphoxides, especially 
dimethylsulphoxide. 

10 
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Piefeired alcohol co-solvents include the aliphiatic aloohols, partictilfidy the 
alfcanols. Preferred flJkaools ar© selected from Ihfi Ci^, parfioularly the Cm 
allcanols, with methjmol, ethanol, l-propanol end 2-propanol being 
especially preferred. 

5 

Preferred ketone co-solvents include the aliphatic ketones, particularly the 
dialkjd ketones. A particularly preferred dialkyl ketone is acetone. 

Piefecced carboxylic acid co-solvents include fatmic acid and acetic acid. 

10 

Preferred ossAtoxytic acid derivatives for use as coHSolvents include Ae 
anhydrides, especially acetic anhydridjB, and the Ci^i particularly the Cio 
alkyl ©stetB of Ci^^ particulariy C1.3 alkanoic acids, especially efliyl achate. 

15 Preferred nitro compounds for use as co-solvents include the nitroalkanes 
and nitroaxyl compounds, ^th nitromethane and nitrobenzene being 
especially ptefened. 

"It© extraction solvent typically coniprises &oxn 50.0 to 100 % by wei^ 
20 e.g. from 50.0 to 99.5 % by weigsht, of a (hydro)flao(rocarbon and from 0 to 
50 % by -weight, e.g. from 0.5 to 50 % by wei^t, of a co-solvent Preferred 
exliaotion solvents comprise ftotn 70.0 to 100.0 % by weight, e.g. from 70.0 
to 99.0 % by weight, of the Chydro)fluorocarbcm and from 0 to 30 % by 
wei^ e.g. from 1 to 30 % by weight, of the co-solvent Particularly 
25 prefenced extraction solvents comprise from 80.0 to 100.0 % by weight, e.g, 
from 80.0 to 99.0 % by weight, of ihe (hydto)fluorocarbon and from 0 to 
20.0 % by weight, e,g* from 1 .0 to 20,0 % by weight, oftibe co-solvent. 

11 
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The oompositioii of tho extraction solvent blend can be varied during the 
CQ-urse of the abstraction process to enhatice Ifae Evolution of the separation. 

5 If lihe co-solvent is a flammable material, which will be fhe case with the 
hydrocarbon, hydrocArbon ether and alkanol co-solvents identified above, 
then the extraction solvent will preferably comprise siifQcient of a non- 
flamznaible Oiydro)fluo(rocarbon to render the solvent non-flfinanable 
overall. Where the extraction solvent is a blend of one or more componnds, 

10 the resulting blend may be zeotroptc, azeotropic or azeotrope-Uke. 

As fhe skilled person will appreciate, the (hydro)fLuorocarbon(s) and 
optionally co-soIvent(s) can be selected depending on the nature of the 
undesired compoimd(s) to be extracted so as to enhance extraction. 

IS 

The process of fhe present invention is particularly suitable for lemoving 
contamhtatits fiom calcium fluoride, CaF2. Processes for synftesising CaFz 
typically provide either a wet shirty of CaP2 containing water and any solid 
or liquid contaminants or a ^^cake'' of CaFz where fhe liquid has been 
20 separated from the CbP^ hut potentially leaving it contaminated with solid 
or seroi-solid compounds. The synthesis of other inaoluble inorganic 
halides often produces the prodnct in similar forms. 

Hie process of the present invention can be used to reduce the concentration 
25 of conxatmnants in such insoluble inorganic halides, especially fluorides. 
For example Lt can be used to remove odoriferous compounds firom CaF2 
and thus leave CaFz without odour or with a significantly reduced odour. 

12 
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Additionally, it has siupiisiagly been found that the process of the present 
inventLon may improve flie morphology of CaF2, makiiig it more suitable 
for uses such as HF synthesis aad metal-working. 

5 In a preferred aspect, the present invention provides a process comprising 
contacting a solid composition of CaF2 and contaminating material such as 
odorifeious roatedal or a sluny of such a composition in water with a 
(hydro)ftaorocarbon containing extractive solvent such that the 
contamininattng material is extracted into the extractive solvent. Preferably 
10 the solvent is It-134a. If a slurry is used, it typically contains 5 to 30% 
w/w, for example, 5 to 10% w/w CaF^ in water. 

The process of the invention can also be used to remove undesirable 
materials from aqueous solutions of inorganic fluoride;, such as potassium 
IS fluqride. Such solutions typically contain 20 to 40% w/w of the inorganic 
fluoride in watsr. Howev^^ the sIdUed person will aj^preciate that the 
amount of inorganic fluoride in solution will depend on Actors such as the 
solubility of the fluoride and the process that was used to produce it 

20 In a preferred aspect, the present invention provides a process comprising 
contactttig an aqueous solution of KF and contaminating material such as 
odoriferous material, which may contata up to 10% KOH with a 
(hydro)fluorocarbon contaimng extractive solvent such that the 
contaminating material is extracted into the extcactive solvent Preferably 

25 the solvent is R-134a. 

13 
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After an aqueous solution of a soluble inorganic fluoride has been subjected 
to the process of the invenliou^ it may optionally be precipitated by the 
addition of any suitable inorganic salt such as an inorganic hydroxide* For 
example a KF solution may be precipitated by the addition of a calcium salt 
5 such m quicfc-lime, hydrated lime or Caj(OH)2 which gives CaP^ and KOH, 
both of which can be used in other ways. 

The composition to be treated may be contacted with the extractiou solvent 
in any suitable mamier that would be readily apparent to the person of 
10 ordinary sldll inihe art For example, simple mixing may be used. If the 
coniposition is in tiie form of an aqueous sohition, the extractive solvent 
may be contacted with the solution in. a co- or counter current &shioii. 

The extfactivd solvent is preferable R*-l34a. 

15 

The extraction solvent, after contacting the composition, may be removed 
by any standard method known in the ait For example, when, the 
composition is a solid, the extraction solvent is decanted to leave the solid. 
If the composition is a slunry^ the desired compound(s) will typically remain 
"20 in an aqueous phase and the ^ttactive solvent can be removed by phMe" 
sepacation techniques. If the composition is in the form of an aqueous 
solution, liie extractive solvent can be removed by standard liquid-liquid 
separation techniques. 

25 Once <be extractive solvent has been removed &om the composition, the 
contaminated solvent cm be regraberated using any suilable mefliod. For 
example^ the contaminated solvent can be evaporated to leave a residue 
14 
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containing the undesired compounds. The vaporised solvent can be 
captuied and, if appropriate, recycled to another extraction, stored or used 
for another puipose, 

S The process of the present invention is usually conducted at a temperatof e 
in the range of ftom -30 to 70*"^ Operating tenqpexatoies at or below 
ambient, e.g. in the range of fixnn 0 to SC^C, are preferred. 

The process of the present invention may be conducted at atmospheric, sub- 
10 atmosphedc or super-atmospheric pressures. The precise operatii^ pressure 
will depend, inter alia, on the extraction solvent that is used, particularly its 
boiling point Preferred operating pressures are in the range of from OA to 
200 bar, more prefeiAbly in the range of ftom 1 to 30 bar and paiticularly in 
die range of &om 3 to 10 bar. 

15 

A combination of temperature and pressure is selected so fliat the extraction 
solvent is liquid under the conditions used. 

The composition which is finally obtained from the process of the present 
20 invention may be used as it is or, alternatively, it may be subjected to one or 
more further processes, for example to purify the composition fcrther or to 
isolate a given canstLtiient or constituents contained in the compositioix. 

It should also be appreciated that a composition to be treated may be 
25 subjected to the process of the present mvention more than one time in 
order to reduce the content of undesired compounds still further and 
produce a product that is riaher in the desired compounds. 
15 
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Jn such a process, ths> con^^ositicm may be subjected to repeated contacts 
with one extractive solvent or subjected to contacts with more Ihan one type 
of solvent. Repeated contact will fbrther reduce the content of the one or 
5 more midesircd compomids. 

Typically, the composition to be treated may be contacted with the 
extractive solvent as many times as necessary to in^rove the properties of 
the desired conipound(s), for example remove malodor and/or so fliat no 
10 undesired compounds are detected using standard techniques. The nnrnber 
of times that a composition is contacted with the solvent depends on a 
nmnber of fectors, such as the initial level of the undesirable compoimds. 

Typically, it is not necessary to subject the compositiotL to any additional 
IS treatmeutCs) prior to or after the process of the present invmtion in order to 
give Ihe required level of purity^ for example to ensure lliat there is no 
malodor. 

However, if desired, the process can include one or more additional 
20 punjtymg steps, wJtuch may be cotuJucte^TBefbre ansr tne process ot 

Ihe present invention. The additional purifying steps may reduce the 
concentration of undesired compounds that are reduced/removed by the 
process of &e present invration or they may remove o&er mxdesired 
cotppounds and/or improve other properties of the desired compounds such 
25 as thdr morphology. 



16 
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The apparatus Utat is used to carry out the pcocess of the present mvention 
may einploy a solvent recovery system whioh removes fbe solvent &om the 
ehzate recovered by eviration and then condenses the resulting solvent 
vapour for reuse. 

5 

A suitable recovery system for low boiling point solvents, by which we 
mean solvents having a boiling point of 25°C or below, e.g. 0°C or below, 
conqoises an evaporator into which tihe elnatc emerging from the process is 
passed, a compressor for compressing the vapour generated in the 

10 evaporator and a oondensBr for cooling the compressed vapour emerging 
from the compressor. The solvent is reinoved farom tibe eluate in the 
evaporator by flash evaporation induced by suction from the con^ressor 
and the solvent vapour so generated then passes to the compressor, which 
may be a diaphragm compressor^ where it is compressed. From the 

15 compressor, &e solvent vapour passes to the condenser whore it is cooled 
and returned to liquid form for recharging to the process or possibly to a 
solvent reservoir supplying solvent to the jnocess. The condenser, which 
may take the form of a coiled tube, can be ammged inside the evaporator so 
that the latent heat of condensedion provide at least some of the energy 

20 required to evaporate the solvent, the remainder being supplied by the work 
done by the compressor, 

A fuither suitable recovery system for low boiling point solvents comprises 
a solvent recycling circuit comprising an evaporator into which the eluate 
25 emerging from the process is passed and in which the solvent is evaporated 
and a condenser in which the vapour emerging from the evaporator is 
cooled and returned to liquid form for recharging to the process or possibly 
17 
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to a solvent lesorvoir supplying solvent to the process. Heating of -flic 
evaporator and cooling of the condenser mnay he carried out independently, 
but in a preferred embodiment an external heat pump system is xised to boih 
heat the evaporator and to cool the condenser. The external heat pump 
5 System comprises an evaporator, a compressor^ a condenser and an 
expansion valve wlaioh are sequentially arranged in a circuit through which 
a heat transfer fluid is caused to flow. The evaporator of the external heat 
pump system, whjch may take tbe form of a coiled tube^ is arranged inside 
or aroiuid the outside of the conden&er of the solvent recycling circuit so 
10 that evaporation of 1he heat trabsfer fluid in tbe evaporator cools the 
condenser and provides for the condensation of the solvent vapour passing 
through the solvent recycling circuit The vapour generated in ftie 
evaporator of the external heat pump system is then comprcBscd and passes 
to the condenser where it condenses and gives off heat. The condenser of 
15 the external heat pump system, which may also take the form of a coiled 
tube; is arranged inside or around die outside of the evaporator of the 
solvent recycling circuit so that the latent heat of condensation associated 
with the condensation cf the heat transfer fluid provides the heat required to 
evaporate the solvent passing through the solvent recycling circuit. The 
20 condensed heat transfer fluid is then returned thxoi^ an expansion valve to 
the evaporator so completing the cycle in the external heat pump system. 

As an alternative to an external heat pump system, an external circulating 
heat-transfer fluid may be used to transfer the heat of solvent condensation 
25 'to the evaporator vessel to provide heat for solvent evaporation. 



18 
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The process of the present invention may be opiated in a, batch, "batch 
continuous or continuouB fashion. 

The present invention is now illustrated but not limited by the followmg 
) -5 Bxample. 



Example 

2g of which was contaminated with residues from an alkylation 

10 process were placed in a glass aerosol bottle, about lOml of water was 
added and the Ttiixture shaken to produce a slurry. An aerosol fitting v^&& 
then secured onto the top of the vessel to sfeal it. Liquid R-134a was then 
admitted to the vessel and the contents shaken for about 30 seconds. The 
reaction was performed at ambient temperature (about and a pressure 
• 15 of approximately 7 bar. 

Two phases were cleady visible although clear separation of the two phases 
was not observed- In order to speed up the separation of the two phases the 
solution was placed in Hx^ fteezer (about -22°C) for 30 minutes after which 

20 it was removed to room temperature. The R-134a was immediately vented 
into a glass beaker whereupon contact it vaporised leaving behind an 
odoiiferous residue. All the R-134a was removed in this way and when it 
was deemed that only the semi-frozen CaF2 sluny remained this was vented 
into another glass beaker. This was allowed to warm to room temperature 

25 and the water allowed to evaporate. 

The residual CaF^ had &]nt detectable odour, 
19 



An improvfflnent in the tnotpiiology of the CaFz was also seen. The 
contaminated. CaFz was a beige coloured solid that was not evenly divided 
and was prone to **cluinpingr' (Le. it was a wet cake). The CaFj obtained 
3 after the process had lost most of its colour and could be broken into a 
powder. 



20 
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Claims: 

1. A proce&s for tKalitig a composition comprising one or more 
undesired compounds and one or mora desired conxpoimds so as to 

5 reduce the concentration of at least one of the undesired compounds, 

which process comprises the steps of: 

(1) contacting the composltioa witih an extraction solvent comprising 
a (Tiydro)fluorocarban, and 

(2) separating the solvent from the one or more desixiied confounds; 

19 wherein one or tacfrc of the desired conipounds is &a inorganic 
material, provided that water is not the only desired material, 

2. A process according to claim 1, wherein the inoigaxiic material is a 
halogen containing inorganic material 

15 

3» A process according to claim 2, wherein the inorganic material is a 
fkiorine containing inojganic material. 

4. A process according to claim 3, wherem the fluorine containing 

20 material is an alkali metal fluoride or an alkaline earth metal fluoride. 



5. A process according to claim 4, wherein the fluorine containing 
material is calcium fluoride or potassium fluoride. 

25 6. A process according to any one of the preccdiag claims, wherein at 
least one of the undesired compounds is odoriferous. 



21 



7, A process according to any one of the preceding claims, wherein at 
least one of the undesired compounds 19 a sulfur and/or nitrogen 
coi^taining coropound. 

5 8. A process according to claim 7, wbjeiein the imdesired sulphur 
containmg conqpound is at least one of <^bon disulfide, carbonyl 
sulfide, dimieAyldisulfide, ethanethiol^ diethyldisulfide, l^S-dihydro- 
2H-imida2ole.2-thioTO, 2-(metliyIthio)-propane, 2-(meth.ylfhio)* 
butane, l-(methyIthio>butane, methylethyldisulfide, 2-(ethylthio> 
10 butane, sec-butyl isopropylsulfide, l-(efhylfhio)-butane, 1- 

[(methylcthyl)thio]butane and bis[2-(eliiylthio)ethyl]ether. 

9. A process according to claim 7, wherein the unde3Xt«»3 nitrogen 
containing compound is at least one of ammonia, nitromjefhane, 
15 methylamine, dimefliylamine, trimethylamino, LDA (lithium 

diisopiopylaniide), hydroxylamine, nreas, efhylamine. diethylamine, 
triethylamine, I,3-dihydro-2H-imidazole-2-thione, N,N-dimethyl- 
e&anothioamide and 2,2-dimethoxy-N-methyl-ethanainine. 

^ piocetas according to any one of the preteied ifig''gtBr ^ 

conrposition is in the solid state or in the ftjnn of a shnry. 

IL A process according to any one of olauns 1 to 9, wherein the 
composition is in the liquid p(hase, 

25 

12. A process as claimed in any one of the preceding claims, Vsrherein the 
extraction solvent comprises at least one Chydro)fluorooarbon 
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selected from flie (hydro) fluoroToeflianes, the (hydro)£luQroethaiies 
and flie (hydro)£liioropropmes. 

13. A process as claimed in claim 12, wherein the extraotion solvent 
5 comprises at least one (hydro)fluoiocarbon selected from 

trifluorometfaane (R-23), fluoromefhane (R-41), diftuoromethme (R- 
32), pentafluoroethane (R-125), 1,1,1-tiifluorocthaiije (R-HSa), 
l,l^>tetrafluoroethaneCR-134), l,l,l>t©trafluoroefliane (R-134a), 
l,l-difluoroe4me CR-I52a)» 14,1,3,3-pentafluoropropane (R- 

10 245fe), 14,2^,3-pentafluQropropane CR-245ca)» 1,1^,2,3- 

pentafluoropropane (R-245eb), l,i;z^j3-pentafluoioprbpane (R- 
245ea), l»lsl32j3,3-^hexaflw>ropiopane (R-236ea), 1,1,1,2,2,^- 
hexafluoropropane CR-236cb), 1,1,1,3,3,3-hexafluoxopropane (R- 
236fa), 1,1,1,23,3,3-heptaflnoropropane (R-227ea) and 1,1,1^2,3,3- 

15 heptafluotopropane (R-227ca)- 

14. A process as claimed in c:laim 13, wherein the extraction solvent 
comprises at least one compound selected from 1,13192- 
tetraflnoroefhane {R-134aX l,lal33,3-peiitafluoropropanB (R-245fa), 

20 l,l,lA333-hexafhioiopropahe (R-236ea) and 1,1,1,23,353- 

heptaftttotopiopane (R-227ea). 

15. A process as claimed in claim 14, wherein the extraction solvent 
comprises 1 , 1 , Ig2-t6tcafluoroeth an e (R-134a), 

•25 
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16. A process as claimed in any one of the preceding claims, wherein the 
extractioa solvent comprises a <XH8olvent in addition to the 
(hydro)£luorocaibon. 

S 17. A process as claimed in claim 16, wherein the co-solvent is halogen 
free. 

18. A process as claimed in any one of the preceding claims which is 
conducted at a temperature in the range of from 0 to 30*^0. 



10 



19- A process as claimed in any one of the preceding claims which is 
oondiioted at a pressure in the range of jBrom I to 30 bar. 



24 
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Abstract: 

Title: REDUCTION OF THE CONCENTRATION 
OF UNDESIRED COMPOUNDS 

5 

A process for treating a composition comprising one or more undesired 
compounds and one or more desired compounds so as to reduce the 
concentration of the one or more undesired conapounds is described. The 
process comprises the steps of: 

10 (1) contadjng the compositiou with an extraction solvent comprising a 
(hydro)fluorocarbon, and 
(2) separating the solvent from the one or more desired compoimds; 
wiheiein one or more of the desired compounds is an inoigaaodc material 
provided that water is not the only desired materiaL The process is 

IS particularly suited to reducing the content of suliur and/qr nitrogen 
containing compounds in inorganic fluorides. 



25 
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